The interactions between dislocations and point defects have been studied in magnesium containing 100 p.p.m. of impurity atoms. The experiments where conducted on one hand by measuring the ultrasonic attenuation changes due to a bias stress and on the other hand by measuring the internal friction on a torsion pendulum working at 2 Hz.
INTRODUCTION -Since few last years the studies of variation of the attenuation versus a bias stress Aa = f(a) show a certain interest. This advantage with respect to the classical internal friction studies is due to the fact that the stress responsible for the dislocation motion ( 0 ) can be separated from that of measurement ; moreover the amplitude of measurement is very small because it is in the ultrasonic range. These ultrasonic studiesleads to an interpretation usually more convincing for the obtained analastic phenomena.
The experiments has been done, until now, mainly on the c.f.c. metals as copper [I] , aluminium [2, 3] and recently some results were reported on a b.c.c. metal (tungsten 141 ) .
The aim of this investigation is to present the first results obtained on a h.c.p. metal ; moreover the results of Aa = f(a) are compared with the classical internal friction spectrum 6 = f(T) obtained with the same material.
EXPERIMENTAL RESULTS -99,99 % polycrystalline magnesium has been used. The samples were annealed for two hours at 300°c in argon atmosphere ; their dimensions were 5 X 5 X 70 mm3 for quasi static stress experiments and $ 1 mm X 50 mm for internal friction measurements. For Aa = f(a) measurements, the tensile quasi static stress has been applied along the same axis than that of the ultrasonic longitudinal wave (17 IfHz). The internal friction measurements has been performed with an inverted torsion pendulum (2 Hz). Dislocations were introduced in the sample by equivalent plastic deformation at 100 K (0.2 % for tensile test and 0.8 % on the external fibre of the sample in pendulum experiment).
At first, isochronal annealings were performed between 108 K and 320 K ; figure 1 shows the attenuation changes Aa = f(a) measured at 108 K for three typical situations : (i) fifteen minutes after plastic deformation, the attenuation increases a little then decreases regularly with the stress increasing up to 6. 106 ~. m -~.
(ii) By annealing 15 minutes at 200 K, the main decrease in the attenuation has disappeared. (iii) Finally after a treatment at 320 K, a continuous and important increase in Aa appears. Furthermore, it must be noted that after these annealings at increasing temperatures, the hysteresis loop observed in the curve attenuation versus bias stress a is at first negative (case a) and becomes positive (case c).
On an other hand, the temperature effect on Aa = f(a) after annealing at 320K have been studied. -secondly a new mechanism interferes above 240K, because, on one hand there is a crossing point in the loading-unloading cycle, and on the other hand the amplitude of the attenuation change seems to be reduced again above 240K. In order to state the characteristics of this latter phenomenon, we have studied the effect of the loading rate 6 at 323K : the figure 3 shows that Aa(o) is decreased markedly when 8 is lowered and also that the crossing effect disappears when 5 is increased.
Moreover, the figure 4 presents the main characteristics of the internal friction spectra of the same material after the same plastic deformation. On one hand ( fig. 4a ), we can note that the internal friction spectrum exhibits a broad maximum situated between 100 and 150K ; there is a rather small evolution of the spectrum after some temperature cyclings up to 320K : only a general decrease in the internal friction level can be mentioned especially after heating up to 320K. On the other hand ( fig. 4b) , with increasing the measurement amplitude E~, the maximum of the internal friction shifts to a lower temperature as it is shown in the case of the spectrum obtained after heating up to 320K. General : depinning of dislocations
The main effect appearing from these experimental results is the depinning of dislocations from point defects. In fact, after the treatment in the stage IV, the variation Aa = f(o) presents the characteristics relative to the increase of dislocation free length : it is ascribed to the depinning of dislocations under the action of the bias stress U, as it was already shown in the case oE aluminium (61. The figure 2 shows a very important increase of this effect between 1 0 0 and 2 4 0 K : this enlargment of the effect must be attributed partly to the increase of the viscous friction due to the interaction dislocations-phonons l 7 1 and partly to the thermal activation leading to depinning of an increasing number of dislocation loops 183. Also, it is probable that such a depinning is responsible, for an important part, of the broad maximum observed in the internal friction between 1 0 0 and 2 0 0 K . Indeed, on one hand, if we assume a distribution in the values of the interaction parameters (interaction energy, dislocation loop length), a progressive increase Aa = f(o) and a large maximum in the internal friction are expected [g] ; on the other hand, this maximum shifts towards low temperatures when the oscillation amplitude increases (see fig. 4 ) according to the depinning model 1 1 0 1 .
The point defects involved in the depinning process are presumably extrinsic defects brought along by vacancy complexes diffusing in the stage IV of recovery ; as a matter of fact this point remains to be proved by comparison with attenuation results on a purer magnesium. Nevertheless, several arguments can be put forward in agreement with this point of view : (i) the likeness with results observed with aluminium 163, (ii) the continuous decrease in the stage IV of recovery of the modulus defect measured at 2 0 K [I l ] and (iii) the disappearance of the broad maximum of internal friction with a purer magnesium [12] .
!igh-Lemee_ra_tu_reeef.f.ec-Ls
In the range of room temperature (320K) the thermally activated depinning of dislocations can not explain neither the sudden decrease of attenuation observed when the stress begins to decrease, nor the rate effect (U) which is opposite to that resulting from a pure depinning (cf. fig.3 ). Such an effect was already observed with aluminium (23 and it can be explained by a diffusion of point defects dragged by the stress field of dislocations (fig.5~) ; this mechanism will be possible if the velocity of dislocations (given by dy/dt = a . b~~/ 2 . e where +is the line tengion and b is the burgers vector) remains smaller than the maximal velocity VM of the point defect in the stress field of dislocation. This latter can be given by
where Ud is the activation energy of diffusion andFM the maximal interaction force of the dislocation with point defects and v, the attempt frequency. This condition dy/dt 5 VM is more easily satisfied when 2 is small and the temperature is elevated: the effect of these two factors are well verified experimentally on pictures 2 and 3, because it appears that the depinning is incomplete (and thus the attenuation change reduced) for the dislocation elements concerned with this phenomenon.
F i q u r e 5 a ) D i s l o c a t i o n and p o i n t d e f e c t a t r e s t ; b) d i s l o c a t i o n f u l l y f r e e d b y d e p i n n i n g j c) D i s l o c a t i o n p a r t 1 y l i b e r a t e d i f p o i n t d e f e c t d i f f u s i o n o c c u r s .
Otherwise, the sudden decrease of the attenuation when U is inverted can be explained only if the idea of dislocation pinning with regard to the ultrasonic wave is precised. When the dislocation and the point defect are at rest, the dislocation is situated at the bottom of a symmetrical potential well resulting from the interaction with the point defect ( fig.6 a) . In the proximity of the point defect, the vibration of the dislocation loop under the action of the ultrasonic wave is strongly reduced by the return-force due to the potential well. The attenuation of this ultrasonic wave is usually calculated as in the case of the two independently vibrating segments situated at each side of the point defect ( fig. 5a ). When the point defect is dragged by the dislocation, it is no more situated at the bottom of this walley. In the reference system moving with the point defect, the dislocation feels a larger (and asymmetric) valley (fig.6b) ; the ultrasonic vibration is then less limited and the dislocation will behave as partially depinned with regard to the ultrasonic wave.
S c h e m a t i c p i c t u r e o f a d i s l o c a t i o n i n t h e p o t e n t i a l V a l l e y i n d u c e d b y t h e p o i n t d e f e c t : a ) a t r e s t ; bl if t h e p o i n t d e f e c t i s d r a g g e d b y t h e d i s l o c a t i o n a s i n p i c t u r e 5 c .
When the rate & is inverted, the dislocation returns, at least temporarily, in the bottom of the valley : so at this time there is rapidly a pinning more effective of the dislocation ultrasonic vibration, that is to say a decrease of the attenuation occurs ( fig. 3) 1131.
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The attenuation measurements done at 108K show a very different behaviour before and after treatment in the stage IV of recovery ; the low frequency internal friction is not so marquedly changed by this treatment.
The attenuation effect before the high temperature treatment is generally attributed to pile up of geometrical kinks by the bias stress o : thus their high frequency mobility is reduced, that is to say a decreases as a increases. [ 1 4 ) . Nethertheless, the appearance of a small jump in attenuation (cf. fig. 1 ) at a very small stress 5 indicates that some depinning process is already occuring for few dislocations even without treatment in stage IV.
In fact, if we now consider the internal friction spectrum 5 = f (T) after treatment in stage I11 at 150K, the broad and high maximum already observed around llOK cannot be ascribed to this breakaway of few dislocations. Furthermore, the low frequency intrinsic BORDONI relaxations B1 and B2 are clearly identified in a purer material C123 at lower temperatures (B1 ~4 0 K and B2 ?r80K) : then they can not participate greatly to our maximum, more especially as B2 is not well developped before treatment in stage IV. These reasons indicate that the process mainly involved in the internal friction maximum under discussion is associated with extrinsic defects but is not a pure depinning. In another connection, the negative hysteresis observed in the attenuation experiments suggesisthat the displacement induced by the bias stress o is not reversible : this means that some kinks (geometrical or thermal kinks which are responsible of the ultrasonic attenuation at 108K) could be pinned by extrinsic defects during the displacement, as drawn schematically on picturet71: when the alternative stress of pendulum is applied, then the depinning will appear during the negative part of the oscillation ; low frequency energy will be dissipated by this mechanism which may be enhanced if the dislocation oscillates between two positions, as suggested on fig. 7d . CONCLUSION -Although other experiments have to be undertaken, these first results attenuation -bias stress obtained with magnesium exhibit a great similarity with that previously observed on aluminium and ascribed to the interaction dislocation point defect ; in addition, it is interesting to notice that this analogy was also observed for the intrinsic properties of dislocations 112).
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